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Abstract—Concrete is a highly reliable construction 
material when it comes to building structures. Given its 
ability to resist high compressive forces, it has its set of 
deficiencies too. Crack formation is one such failure of 
the material that science has still not been able to solve. 
This phenomenon of microcrack formation significantly 
affects the lifecycle, reliability of the concrete. It becomes 
crucial to formulate new ways to increase the life of a 
concrete structure. Result of which was the creation of 
self-sensing concrete. This paper extensively reviews 
various approaches to understand self-healing concrete. 
In addition to that, it explores the shortcomings of the 
bacterial approach and suggests a fungal approach as it is 
far more progressive, reliable, and potent of taking the 
research of Self-Sensing Concrete ahead. 

Index Terms—Self Healing Concrete, Concrete, Self 
Sensing, Smart Concrete, Autogenous Healing, Concrete 
Reinforcement, Structure Longevity, Bacterial 
Regeneration. 

I. INTRODUCTION 

the concrete and come in the contact with the reinforcement 
of the concrete structure and after some time corrosion 
starts, due to this strength of the concrete structure will 
decrease [2] and cracks will be introduced. Due to accession 
in the permeability of the concrete, the water smoothly 
advances through the concrete and get in contact with the 
reinforcement of the concrete structure and subsequently, 
corrosion begins due to the aforementioned strength of the 
concrete structure will drop so it will be required to restore 
the cracks [3]. 

B. Self Healing Concrete 

Smart Material Technology stands as the recently emerging 
field of research which has a very wide scope in the domain of 
civil infrastructure and development, in terms of the future. 
These certain approaches always tend to improve the overall 
life, longevity, durability, decreasing the failure rate, and 
considerably enhancing reinforcements. The result of which 
is a newly enhanced concept with a concrete application [4]. 
 

A. Crack Formation Theory 

Concrete is a composite material that consists of a curated 
mixture of cement, rough aggregates, and fine aggregates. It is 
one of the most commonly used building components in 
today’s age. Usage and application of concrete explain that it 
can resist the compressive forces subjected due to the load 
effectively. Even though it is one of the most major 
construction materials, it cannot handle tension well 

Smart concrete represents the development direction of 
concrete from high strength and high performance to multi-
functionality and intelligence. Self-sensing concrete is a kind 
of smart concrete that has attracted wide attention from 
academia and industry [4]. Self-healing concrete therefore 
can be defined as the concrete possessing a remarkable 
ability to repair the cracks the structure has developed. Due 
to very low tensile strength, we often get to see the crack 
formation in the concrete. These cracks also damage the 
durability factor of the concrete structure since it paves a way 
for reacting substances to get introduced. If micro-cracks 
grow to the reinforcement, the reinforced material 
experiences corrosion. It becomes vital to heal the crack. The 
sustainability and the durability and life cycle of the concrete 
will increase due to self healing technique. [5] [6] Based on 
the repair capacity of the concrete, it is mainly because 
moisture and air enter the structure, and a part of the cement 
particles undergoes hydration reaction. The precipitates 
accumulate and block the cracks. This method has a 
significantly low recovery rate [7]. The Precipitation of 

[1]. Upon inducing a certain amount of tension on 
concrete structures, they begin to form micro-cracks. This 
micro crack formation directly affects the durability of the 
concrete and often results in a reduction of the strength of the 
structure. Upon researching further, it was found that along 
with other factors like pH level of the atmosphere and the 
amount of load subjected on concrete negatively affects it, the 
permeability of the concrete was one of the leading causes of 
the concrete structure failure. Due to an increase in the

 permeability of the concrete the water easily pass through
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II. METHODOLOGIES TO INGRAIN SELF-HEALING 
ABILITY IN CONCRETE 

A. Autogenous Self-healing 

Autogenous healing is the type of healing that is promoted 
inherently by the concrete itself without the help of any 
external factors such as additives. Autogenous healing is 
promoted by the presence of dry cementite material which 
can still rehydrate to react and fill the crack or by the forma-
tion of Calcium Carbonate (CaCO3) or Calcium Hydroxide 
(Ca(OH)2). Cracks can also be filled due to the swelling of the 
cementite surface. Autogenous Healing requires the presence 
of moisture and the absence of tensile strength to facilitate 
the filling of micro-tears in the concrete. This method works 
for tears ranging from 50µm to 150µm with full recovery 
being possible under 50µm after wet-dry cycles. [14] 
Autogenous and natural self-healing happens because of the 
crystallization of calcium carbonate. In the reaction, CO2 
emerges from the air and the calcium ion Ca2+ is derived 
from concrete. The reactions involved are: [15] 

 

 

 

B. Microcapsules containing polymers or minerals 

Ideas to develop self-healing concrete using microcapsules 
have been in rounds after White et al. proposed the idea of 
healing polymer composites using microcapsules [16]. 

calcium carbonate has been found out to be the most 
significant  factor  controlling  the  self  healing  of  concrete.  [8] [9]  Each  classical  healing  model  consisted  of  autogenously  healing  capabilities  of  the  concrete  but  with  enough research, many chemical approaches were developed; wherein certain  chemicals  and  the  leading  reactions  become  the self-healing  agents.  With  more  research,  the  more  recent studies  follow  up  an  approach  of  using  the  products  and majorly the bacteria itself as the self-healing agent. In several published  studies  the  potential  of  calcite  precipitating bacteria  for  concrete  or  limestone  surface  remediation  or durability  improvement  was  investigated.  [10]  The mechanism  of  bacterially  mediated  calcite  precipitation  in later studies was primarily based on the enzymatic hydrolysis of  urea.  One  noteworthy  drawback  of  this  method  is  that  in  turn,  it  introduces  the  environmental  nitrogen  in  excess. [11]  Hence,  what  can  be  understood  of  the  self-healing concept in today’s date is that it is healing or recovery of at the very least one  property  of  the  concrete  that  may  decrease  the  chances of  failure  in  that  structure.  However,  majorly  we  will  study the crack formation and later, the healing of the micro-cracks  using  multiple  approaches.  Therefore,    with  the  mention  of cracks alone, it is understood that the factor in  which  healing  will  take  place  will  be   the  permeability  property  of  the  structure  [10].  The  permeability  of  the structure with smaller crack will  be less than that of a larger crack [12] [13]. 

Microcapsules are micron-sized particles having a shell that 
encapsulates a glue or a solvent. Different microcapsules act-
ing as a resin and hardener as a two-part epoxy system can 
also be used. Such capsules can be mixed with the aggregate 
and the cement mix to form a mixture that contains a 
percentage of liquid resin that can flow in the cracks 
developed in the concrete after undergoing cyclic stresses. As 
suggested by H.M. Andersson et al. in Self Healing Polymers 
and compos-ites, Poly Urea-Formaldehyde, Polyurethane 
Microcapsules, and Grubbs’ catalyst inside wax protected 
microspheres as discussed by White et al. can be used. Self-
healing using microcapsules seems a viable method to 
prolong concrete life. Microencapsulated walls show greater 
healing capability than conventional walls as studied by Al-
Tabbaa et al. in the UK fields study. The microcapsules used 
comprised of sodium silicate as the cargo embedded in an 
emulsion with mineral oil [17]. 

C. Healing with Resin filled hollow fibers 

Biological organisms employ a vascular structure that can 
transport necessary fluids to maintain the temperature, assist 
in aerobic activity, and supplant necessary healing to keep 
the tis-sues alive. A similar networking technique can also be 
applied in the concrete structure, so that once the crack 
formation takes place, the binder material can supply resin, 
thereby recovering the lost strength of the concrete. [18]. 
Resin-filled hollow fibers provide an advantage against 
microcapsules since they can provide structural 
reinforcement to the specimen. Instead of being spread 
randomly like the microcapsules, they can be integrated as 
required at places that are more prone to failure. Also, unlike 
microcapsules, hollow fibers do not leave empty spaces 
which increases the stress concentration. However, they 
prove to be costly and time-consuming to embed into the 
product as compared to the microcapsules. Hollow Glass 
Fibres can be embedded into the concrete to provide healing 
ability as discussed in [19]. A Hollow Glass Fibre between 30-
100µm with hollowness around 50% was embedded with
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D. Biological Approach in Self-healing concrete 

Biological Approach makes use of bacteria that are Alkali 
resistant and can form spores to fill the cavity that is created 
after damage. Bacteria apt for the purpose include B. cohnii, B. 
pseudofirmus, and B. sphaericus. H.M. Jonkers et al. [11] 

 

 glass fiber reinforced plastic to emulate self-healing. The
 repair agent flows into the damaged zone when cracks are
 formed due to loading. 

[15] studied the viability of bacteria incorporated concrete. 
Portland cement was mixed with tap water and B. cohnii 
bacteria spores. The specimen recovered at room 
temperature. The specimen contained 1-10 ×108 spores per 
cm-3 of concrete with dimensions of 4 cm ×4 cm ×4cm. The 
survival rate was then observed by estimating the number of 
viable bacteria present by the MPN (most probable number) 
method. It was found that for two size classes of 0.01-0.1 µm 
and 0.1-1 µm, an abundance in the quantity from larger pores 
in specimens cured for 3-7 days was observed as compared to 

the smaller pores cured for 28 days. The majority of added 
organic compounds resulted in significantly reduced strength 
development except for the addition of calcium lactate which 
did not substantially affect the compressive strength. 

E. Fungal Approach in Self-healing Concrete (Scope) 

For as long as the overall progress of self-healing concrete 
is concerned, the research has extensively been focusing on 
the bacteria meditated approach alone. But it is to be noted 
that, there is a far better approach available which in itself 
becomes the scope of this research. To begin considering

 fungi  as  the  potential  candidate  for  self-healing  research, 
the following are a few reasons: 

• There has been little success concerning long-term self-
healing efficacy. 

• There has been little success concerning the repair of 
wide cracks or rapid crack repair. 

• Incorporation of healing agents i.e., Bacterial spores 
result in the loss of concrete compressive strength [36]. 

Decade-long researches have been supporting the 
bacterium approach to an extent that there is next to no 
information available on the genomes of fungi that represent 
or possess such a self-healing capability. There are a few 
logically researched intuitive concepts that just might be able 
to support a scientific view that the paradigm shift supports 
fungi as the next candidate for self-healing research. The first 
and foremost point naturally becomes that ‘Fungi mediated 
self-healing concrete may possess long term self-healing 
capacity [36]. Certain species of fungi have evolved the ability 

to adapt to a range of so-called extreme environments, where 
few other microorganisms could survive [37]. According to 
Magan (2007), many different species of fungi can grow in 
alkaline environment. For example, Paecillomyces lilacimus 
and Chrysosporium spp. are both alkaliphilic and able to grow 
very well at pH-values below 11. Genetically engineered fungi 

are also considered as important candidates for self-healing 
concrete [38]. 

Fungi-mediated self-healing concrete may heal wider 
cracks within shorter periods [36]. Fungi generally grow 
either in the yeast-like form or possessing filamentous 
structure. The cells of filamentous fungi grow hyphae, 
creating a branched net called mycelium. It is widely believed 
that filamentous fungi possess distinctive advantages over 
other microbial groups to be used in a variety of applications 
of bio-mineralization-based technologies due to their 
superior cell wall-binding capacity and extraordinary metal-
uptake capability [36] Incorporation of Healing Agents, i.e., 
Fungal Spores and Nutrients, Could Lead to No Negative 
Consequences on Concrete Compressive Strength [36]. 

Along with the known bacterium above mentioned, B. 
cohnii, B. pseudofirmus, and B. sphaericus, some other type of 
bacteria are also used to fulfill other roles which are always 
required while considering self-healing. Certain bacterium 
like B. pasteurii, Deleya Halophila, Halomonasrurihalina, 
Myxococcus Xanthus, and B. megaterium are majorly used for 
crack healing processes. B. sphaericus is used as an agent for 
surface treatment [20]. Often, when a lot of time is passed 
which surpasses the functioning time of the selected bacteria, 
the bacterial spores lay dormant. When cracks occur, and 
water finds its way in, the dormant bacterial spores will be 
activated and form calcium carbonate to heal the crack.. As 
the crack heals, the bacteria within, will be deactivated. With 
time, the environmental conditions turn in the favor of the 
spore; these spores can be activated again. For the cracks 
which pre-exist, spore or bacterial culture can be introduced 
[21]. The study on self-healing concrete is limited to bacteria 
only [11] [21] [22-35]. 

III. CONCLUSION 

With the extensive study carried on Self Healing Concrete 
for the past decade, it has been observed that the majority of 
research was done only on bacterial approach and the fungal 
approach was left unexplored. The bacterial approach, which 
may be superior to the Natural and Chemical approach, has a 
considerable amount of limitations that no longer can be
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